The mental model theory of conditional reasoning presented by P. N. Johnson-Laird and R. M. J. Byrne (2002) has recently been the subject of criticisms (e.g., J. St. B. T. Evans, D. E. Over, & S. J. Handley, 2005) . The authors argue that the theoretical conflict can be resolved by differentiating 2 kinds of reasoning, reasoning about possibilities given the truth of assertions and reasoning about the truth of assertions given possibilities. The standard mental model theory accounts for the former kind of reasoning but does not adequately account for the latter, contrary to the suppositional approach favored by J. St. B. T. Evans et al. (2005) . The authors thus propose a modified mental model theory of conditionals that reconciles the 2 theoretical approaches. It is demonstrated that this theory is able to explain the key findings that have been opposed to the standard theory by J. St. B. T. Evans et al. and makes new predictions that are empirically verified.
Because conditional statements of the form If p then q can convey hypothetical thinking, they are essential to mundane as well as scientific reasoning and decision making. Accordingly, the way people use, understand, and reason from these sentences is one of the main questions addressed by cognitive psychologists in the field of human thinking and reasoning. The most influential and popular psychological account of conditional reasoning is probably the mental model theory (Johnson-Laird & Byrne, 1991 Johnson-Laird, Byrne, & Schaeken, 1992) . According to Johnson-Laird and Byrne (2002) , individuals reason by imagining the states of affairs that can occur when the conditional is true, that is, by constructing mental models of possibilities. However, from reasoning performance on tasks that require the evaluation of the truth or of the probability of conditionals, prominent researchers have recently argued that this theory is fundamentally mistaken and should be abandoned to adopt a suppositional and probabilistic account of conditional reasoning (Evans, Handley, & Over, 2003; Evans & Over, 2004; Evans, Over, & Handley, 2005) .
This note presents a revised version of the mental model theory for basic 1 conditionals aimed at reconciling the two theoretical perspectives. We assume that there are two fundamentally different kinds of reasoning, which are (a) reasoning about possibilities given the truth of the conditional sentence and (b) evaluating the truth of a conditional sentence given some current state of affairs. The standard mental model theory proposed by Johnson-Laird and Byrne (2002) has been designed to account for reasoning about possibilities, but its present form does not permit it to account for reasoning about truth values. On the other hand, the suppositional theory put forward by Evans and Over (2004) accounts perfectly well for this latter form of reasoning but still needs some specifications concerning reasoning about possibilities. Reconciling the two theories is made possible by augmenting the core principles of the mental model theory with postulates concerning the truth value of the conditional. We demonstrate that the resulting modified theory not only accounts for the facts at odds with the standard version but predicts new phenomena that are empirically verified.
The Standard Mental Model Theory and the Two Kinds of Reasoning
According to the mental model theory, people reason from conditional assertions of the form If p then q by constructing and manipulating mental models of the states of affairs to which these assertions refer. Within this theoretical framework, a mental model of an assertion represents a possibility given the truth of this assertion (Johnson-Laird & Byrne, 2002) . This makes clear that the theory is mainly concerned with the psychological processes by which people construct the referents of assertions: Understanding and reasoning are processes by which people represent those state of affairs that can occur (i.e., possibilities) when these assertions are true. For example, a complete representation of a basic If p then q conditional would involve a representation of the following form:
in which each line denotes a mental model representing a possible state of affairs. The first line denotes a model referring to the possibility in which both propositions p and q are satisfied, whereas the second line denotes a model referring to the possibility in which q is satisfied but p is not, the ¬ sign standing for negation.
As noted by Johnson-Laird and Byrne (2002) , each model corresponds to a true row in the truth table of a material implication (see Table 1 ), but mental models would differ from the lines of a truth table because they do represent not truth values but possibilities:
Each entry in a truth table represents the truth or falsity of an assertion given a particular possibility. In contrast, each mental model in a set represents a possibility. A corollary is that possibilities are psychologically basic, not truth values. Discourse about the truth or falsity of propositions is at a higher level than mere descriptions of possibilities. (Johnson-Laird & Byrne, 2002, p. 653) Our claim is that such a distinction between possibilities and truth values delineates two different kinds of reasoning. In the first kind, people reason from assertions they consider as true and try to find out what must, can, or cannot occur in the world described by these assertions. We refer to this kind of reasoning as reasoning about possibilities. In the second kind of reasoning, people start from a given state of affairs they consider as existing, and they judge if a given assertion is true or false in this case. This second line of reasoning runs from states of affairs to language and consists of reasoning about truth values. The former kind would be psychologically basic, whereas the latter is more complex and difficult, involving some form of metalogic, a meta-ability that requires a grasp of the relations between assertions and the world through the predicates true and false (Johnson-Laird & Byrne, 2002; Moshman, 1990) .
This dichotomy permits us in turn to distinguish between two kinds of tasks used in conditional reasoning studies. The first category involves reasoning about possibilities and consists of those tasks in which participants are given some conditional premise (and eventually additional information) they have to consider as true and are asked to imagine either the resulting states of affairs or those that cannot occur. Within this category are the production and evaluation of conditional inferences (see Evans, Newstead, & Byrne, 1993 , for a complete description), as well as those tasks in which participants are asked to identify or to produce those cases that are either compatible or incompatible with a conditional statement given as a rule to be obeyed (e.g., Barrouillet & Lecas, 1998 Marcus & Rips, 1979) . The second category does not involve reasoning from but reasoning about a conditional statement the truth of which is under inquiry and must be evaluated. This category comprises the truth-testing task in which participants are given different states of affairs and asked to evaluate for each of them the truth of a conditional statement, the probability tasks in which participants are asked to evaluate the probability that a conditional is true or false, and also Wason's (1966) selection task in which participants are asked to indicate what kind of evidence they need to know if a conditional rule is either true or false.
The difference between these two forms of reasoning and the two types of tasks is often overlooked, as frequent confusions between two categories of terms testify. The first denotes the truth value of assertions that can be said to be true or false, the truth value remaining in some occasions indeterminate (e.g., we show that for a majority of adults, the truth value of a conditional remains indeterminate when the sole available evidence consists of not p cases). The second category of terms denotes the status of cases, states of affairs, regarding some assertion. States of affairs can be said compatible or incompatible with a given assertion. When the assertion is known to be true, they are considered possible or impossible, respectively (e.g., the p ¬q case is incompatible with the conditional If p then q and impossible when it is true). When evaluating an assertion, a given state of affairs can be said to be irrelevant if it does not convey information about the truth or falsity of the assertion (see Sevenants, Schroyens, Dieussaert, & Schaeken, 2006 , for an interesting discussion about the term irrelevant). We are aware that this distinction might be considered trivial, but unfortunately, it is not. Indeed, confusions and misuses are frequent. For example, Evans et al. (2003, p. 322 ) evoked a task used by Evans (1972) and stated, "If asked exhaustively to construct cases that conform to the conditional and cases that contradict it, people tend to omit false antecedent cases in both tasks." This description clearly refers to a task involving reasoning about possibilities: People have to construct cases that conform to a conditional or that contradict it, this conditional being considered as a rule to be obeyed. Now, consider how Evans et al. (1993, p. 49) presented the same task: "Subjects were shown an array of coloured shapes and were asked exhaustively to identify cases which made the rule true and cases which made the rule false." This description clearly refers to a truth table task, that is, a task involving reasoning about truth values. From one description to another, it appears that "cases that conform to the conditional" are confused with "cases which made the rule true." This is of importance because there is ample evidence that the two kinds of tasks do not produce the same patterns of responses (Sevenants et al., 2006) . Contrary to Evans et al.'s (2003) claim, we have demonstrated in many studies that when adolescents and adults are asked to construct cases that conform to a conditional rule, that is, cases that are compatible with the conditional, they do not omit falseantecedent cases (Barrouillet & Lecas, 1998; ; see Figure 1 ). It is only when they are asked to indicate those cases that make the rule true that people omit false-antecedents cases, as several studies demonstrated (see Evans et al., 1993 , for a review). Thus, empirical evidence indicates that, for logically untrained individuals, tasks involving reasoning about possibilities and tasks involving reasoning about truth values elicit different processes and should be distinguished. We claim that the contrast between the two forms of reasoning delineates a contrast between theories and their respective strengths and weaknesses. Because the mental model theory is mainly a description of the psychological processes by which individuals construct and manipulate representations of possibilities, it accounts quite well for behaviors induced by the former set of tasks. Accordingly, advocates of the mental model theory put forward empirical evidence mainly issuing from reasoning about possibilities. As a corollary, the strongest criticisms come from authors who privilege tasks about truth value in studying conditional reasoning. As stressed by Evans et al. (2005) , how people decide to what extent to believe ordinary conditionals is a fundamental question. It is thus not surprising that the suppositional theory defended by Evans et al. mainly addresses reasoning about truth value. We in turn present the two theoretical realms and the empirical evidence on which they are based.
Mental Models and Reasoning About Possibilities
As we noted earlier, most of the behavioral evidence put forward by mental model theorists comes from reasoning about possibilities. The main predictions of the theory result from the so-called principle of implicit models stating that basic conditionals have mental models representing the possibilities in which their antecedents are satisfied but have only implicit mental models for the possibilities in which their antecedents are not satisfied. Thus, individuals construct an initial model representing both p and q satisfied, the other possibilities (i.e., ¬p q and ¬p ¬q) remaining implicit (the three dots in the following diagram):
Implicit information can be made explicit through a demanding and time-consuming fleshing-out process (Johnson-Laird & Byrne, 1991; Schroyens, Schaeken, & Handley, 2003) . Many studies designed to test specific predictions issuing from this account supported the theory. It was demonstrated that when the order of the premises reduces the number of models to be held, reasoning improves in a conditional syllogisms task (Girotto, Mazzocco, & Tasso, 1997) . Chronometric studies established that the time course of conditional inferences is better predicted by the mental model theory than by alternative accounts (Barrouillet, Grosset, & Lecas, 2000) . Compelling but illusory conditional inferences are predicted by the theory and indeed have been observed (JohnsonLaird & Savary, 1999) . Finally, large-scale meta-analyses on conditional inferences established that the mental model theory provides a better account of the data than, for example, probabilistic accounts of conditional reasoning .
According to Johnson-Laird and Byrne (2002) , the most compelling corroboration of the principle of implicit models comes from developmental studies. In several studies, we asked children to list the possibilities either compatible or incompatible with basic conditionals (Barrouillet, 1997; Barrouillet & Lecas, 1998 . All the results converged toward a clear developmental trend. In a first developmental level, children are able to construct only one model that corresponds to the initial model constructed by adults but are unable to complete their representation with additional models. As a consequence, they exhibit a conjunctive interpretation based on the p q model representing the sole possibility they consider as consistent with basic conditionals, the other possibilities (i.e., ¬p q, ¬p ¬q, and p ¬q) being considered as incompatible. Several studies have reported this conjunctive interpretation in young children (Kuhn, 1977; Paris, 1973; Taplin, Staudenmayer, & Taddonio, 1974) . In a second level, usually observed in young adolescents, a second ¬p ¬q model can be added, leading to a biconditional interpretation. At this level, the p q and ¬p ¬q possibilities are judged as compatible with the conditional, whereas the ¬p q and p ¬q possibilities are considered as incompatible. Finally, older adolescents and adults predominantly exhibit a complete conditional interpretation in which all the possibilities are considered as compatible with the conditional except the p ¬q case, which is judged as incompatible. Such a developmental trend is particularly clear when children and adolescents are asked to construct cases compatible with a conditional statement Figure 1) . Barrouillet et al. (2000) demonstrated that this developmental trend was corroborated by the developmental changes in the production rates of the four canonical conditional inferences (see Table 2 ).
In summary, studies on reasoning about possibilities support the mental model theory and the three-model account of adult reasoning from basic conditionals, that is, those that are not modulated by meaning, reference, or knowledge. As we show, difficulties with the standard mental model theory arise when considering reasoning about truth values rather than reasoning about possibilities.
Reasoning About Truth Values and the Suppositional Account
As we noted above, the mental model theory has recently been the object of strong criticisms by those who consider that the theory is not only inaccurate but fundamentally mistaken (Evans & Figure 1 . Developmental changes in the rate of response patterns when children are asked to construct those cases that are compatible with a basic conditional. Conjunctive: construction of the sole p q case; biconditional: construction of p q and ¬p ¬q; conditional: construction of p q, ¬p ¬q, and ¬p q. Data from Lecas and Barrouillet (1999, p. 378, contingency context) . Over, 2004; Evans et al., 2005) . Evans and colleagues (2005) assumed first that the mental model theory gives a psychological account of the conditionals that is equivalent to the material implication (see Oberauer & Wilhelm, 2003 , for a related claim), then argued that many empirical findings contradict this conception, and finally concluded that the mental model theory is mistaken. According to Evans and Over (2004) , the most direct evidence against the mental model theory comes from studies of the how people judge the truth value or the probability of conditional statements. Indeed, many studies reported that, when asked to evaluate a conditional statement from the four cases defined by either the affirmation or the negation of the antecedent and the consequent, individuals frequently indicate a defective truth table in which not p instances (i.e., ¬p q and ¬p ¬q) are described as irrelevant to the truth of the conditional, whereas a material implication interpretation should lead to consider the conditional as true in these cases (see Table 1 ).
In the same way, recent studies demonstrated that when asked to evaluate the probability of conditional statements, people rarely produce evaluations compatible with the material implication interpretation but rather adopt a suppositional interpretation. For example, in Evans et al. (2003) , participants were given frequency information about the cases p q, p ¬q, ¬p q, and ¬p ¬q in a pack containing cards that were either yellow or red and had either a circle or a diamond printed on them (say, 1 yellow circle, 4 yellow diamonds, 16 red circles, and 16 red diamonds), and they were asked to evaluate the probability that a claim like "If the card is yellow then it has a circle printed on it" was true for a card drawn at random from the pack. According to Evans et al., a material implication account and, thus, the mental model theory would predict a probability P(MI) ϭ P( p q) ϩ P(¬p q) ϩ P(¬p ¬q) because the material conditional is true in each of these three cases (but see Schroyens & Schaeken, 2004) . However, this kind of response was practically never observed, participants responding mainly by evaluating the probability of the conditional as the conditional probability P(q/p) ϭ P( p q)/[P( p q) ϩ P( p ¬q)] or the conjunctive probability P( p q). Oberauer and Wilhelm (2003) basically observed the same phenomena in a similar but independent study.
According to Evans et al. (2005) , these facts indicate that the psychological meaning of conditionals is not the material implication but is suppositional in nature. When evaluating the probability of a conditional, most individuals disregard the not p cases that are mainly judged as irrelevant to the truth of the conditional and direct their attention to those cases in which the antecedent is satisfied, using the Ramsey test. They hypothetically add p to their stock of knowledge and evaluate their degree of belief in q given p. This procedure leads, as Evans et al. (2003) observed, to evaluating the probability of the conditional as the conditional probability. According to Evans et al. (2005) , these facts are inconsistent with the mental model theory, which would predict that If p then q conditionals should be evaluated as the not p or q disjunction and the If not q then not p conditional, which both have the same extension and refer to the same set of possibilities (i.e., p q, ¬p q, and ¬p ¬q).
We would like to point out that the two main sources from which evidence against the mental model theory comes according to Evans and Over (2004) and Evans et al. (2005) are tasks in which people are asked to evaluate the truth value of conditionals. What is considered as contradicting the mental model theory is that people do not consider not p cases as making the conditional true, 2 thus indicating a defective table in truth table tasks, and adopting in probability tasks either a suppositional or a conjunctive interpretation in which the sole case making the conditional true is p q. Accordingly, Evans et al. (2005) claimed that the evidence of the defective truth table is a serious problem for Johnson-Laird and Byrne's (2002) theory.
Mental Models and Truth Values
It can be noted that most of Evans and colleagues' (2005) criticisms rely on the assumption that, within the mental model theory, the psychological meaning of a basic conditional is the truth function of the material implication (see also Oberauer & Wilhelm, 2003) . However, Johnson-Laird and Byrne (2002) ex-2 It is important to note that in some studies, participants considered the not p not q case as making the conditional true when this case was presented in a verbal form involving explicit negations (Evans, 1983; Evans, Clibbens, & Rood, 1996) . However, we are interested here in deciphering the processes that underpin reasoning from sentences to state of affairs on the one hand (i.e., reasoning about possibilities) and from reasoning from state of affairs to sentences on the other (i.e., reasoning about truth values). Thus, we refer to studies in which participants were asked to evaluate the truth value of conditionals from states of affairs, not verbal descriptions with explicit negations. Within this paradigm, not p cases are rarely considered as making the conditional true. For example, in the following experiment using pictorial and not verbal material to represent possibilities, not p not q cases are judged as making the conditional true in less than 1% of the trials. It is this phenomenon that Evans and colleagues (2005) referred to and that we aim at accounting for within our revised mental model theory. Moreover, the "true" responses for not p not q cases with explicit negations do not call the psychological existence of the defective truth table into question because they do not extend to not p q cases that are very rarely considered as making the rule true. The increase in "true" responses for not p not q cases with explicit negations could result from biconditional interpretations. It has indeed been demonstrated that explicit rather than implicit negations induce a biconditional pattern of inference production (Barrouillet & Lecas, 1998 Barrouillet, Grosset, and Lecas (2000) Inference Minor premise Conclusion Levels of interpretation and models constructed
Note. MP ϭ modus ponens; AC ϭ affirmation of consequent; DA ϭ denial of antecedent; MT ϭ modus tollens. Quine (1952) , by Wason and Johnson-Laird (1972) , and more recently by Evans and Over (2004) Of course, they were aware of the fact that individuals often consider not p cases as being irrelevant to the truth of the conditional. They explained this result by the nature of the initial model: Because the possibilities in which the antecedent is false are not explicitly represented, the conditional is deemed neither true nor false for these cases that are thus considered as irrelevant.
We agree that this account could hold for the cases in which individuals construct only the initial model, but what would happen if people flesh out the initial model and make explicit the possibilities in which the antecedent is false? It seems that the answer given by the standard mental model theory is that individuals would consider that not p possibilities, once explicitly represented, make the conditional true. This can be inferred from Girotto and Johnson-Laird (2004) , who studied the way individuals evaluate the probability of conditionals. Apart from strategies based on the sole initial model, Girotto and Johnson-Laird described a complete strategy in which participants use the fully explicit models of the conditional (i.e., the three models). Within this strategy, reasoners would "compute the complete partition and treat a conditional as true in any case compatible with what is possible according to the conditional" (Girotto & Johnson-Laird, 2004, p. 211) . These authors presented the complete strategy as difficult because more models have to be considered, but they did not reject it as psychologically implausible, and labeling it as complete suggests that, in their view, it is the most elaborated. In other words, according to the standard mental model theory, people who grasp that not p cases are compatible with the conditional should consider these possibilities as making the conditional true.
In summary, there is some contradiction in the way the standard mental model theory accounts for reasoning about possibilities and reasoning about truth values. When considering reasoning about possibilities, Johnson-Laird and Byrne (2002) claimed that conditionals are not truth functional, but when considering reasoning about truth value, the standard theory denies the psychological reality of the defective truth table and assumes that reasoners should conform to the material implication meaning. Of course, the former proposal can be understood because the meaning of the conditional is captured by a set of mental models that represent possibilities and not truth values. However, critics are not wrong when claiming that, within the mental model theory, the psychological meaning of a basic conditional is the truth function of the material implication because, when considering judgments about truth and falsity, this theory assumes that reasoners who rely on fully explicit models would judge the conditional as true for p q, not p q, and not p not q cases and false for the p not q case, which is exactly the truth table of the material implication. The following theoretical proposal resolves this contradiction.
A Theoretical Proposal
We must admit that, like Evans et al. (2005) , we are not convinced by Johnson-Laird and Byrne's (2002) account of the defective table, which would result from an initial representation in which possibilities with a false antecedent are not explicitly represented. As noted by Evans et al., this initial model can be fleshed out with not p models, and this fleshing out does not appear so difficult if we consider the high production rate of modus tollens usually observed, this inference necessitating the construction of the ¬p ¬q in the model theory (see, e.g., Barrouillet et al., 2000 , for production rates of modus tollens higher than 80% in adolescents). Moreover, we have shown in many experiments that when asked to list the possibilities compatible with a basic conditional, older adolescents and adults have no difficulties evoking not p cases, especially not p not q (Barrouillet & Lecas, 1998 ). This evocation is even easier when cases are not to be constructed but are presented to participants who have just to evaluate their compatibility with a given conditional. In this case, even adolescents massively recognize that not p not q cases are compatible with basic conditionals (Barrouillet & Lecas, 1998; . It should be noted that the tasks used by Barrouillet and Lecas are very akin to truth-testing tasks, the sole difference being that instead of evaluating the truth value of the conditional rule, participants are asked to identify those cases that are incompatible with it. The not p not q possibility is so easily represented by reasoners in these tasks and so massively considered as compatible with the conditional that it becomes impossible to understand why it is evaluated as irrelevant in truth table tasks. Finally, if the indeterminate responses and the defective table were due to a failure in fleshing out the initial model, these responses should be more frequent in individuals with lower cognitive capacities. However, it has recently been demonstrated that adults with higher and not lower cognitive ability are more likely to give defective truth table responses (Evans, Handley, Neilens, & Over, 2007) . Thus, if we want to preserve the mental models as a theoretical framework for conditional reasoning, some modifications of the standard theory are needed to account for reasoning about truth values without leaving the capacity of the theory to account for reasoning about possibilities behind.
Recall that the defective table consists in evaluating the conditional as true for the p q case, as false for the p ¬q case, and as indeterminate for the not p cases that are considered as irrelevant. Thus, among the three possibilities that constitute the core meaning of the basic conditional according to the standard theory, individuals consider only one of them as making the conditional true. It is worth noting that this is not a priori incompatible with the mental model approach because the three possibilities are not psychologically equivalent, one being explicitly represented within the initial model while the others remain initially implicit and can only be represented explicitly through the fleshing-out process (Johnson-Laird & Byrne, 1991; Johnson-Laird et al., 1992) . Accordingly, in their account of the defective table presented above, Johnson-Laird and Byrne (2002) hinted that individuals would consider the conditional as true only for the possibilities explicitly represented. However, we have seen that this account does not work because, when fleshed out, the mental models would no longer lead to the defective truth table but to the truth function of the material implication.
Nonetheless, Johnson-Laird and Byrne's (2002) proposal introduces a new and interesting dichotomy between initial and fleshedout models that goes far beyond the explanation in terms of cognitive economy on which the notion of the initial model was based (Johnson-Laird & Byrne, 1991) . Our proposal is that the distinction between initial and fleshed-out models is epistemic in nature: the initial model would be restricted to those possibilities that make the assertion true, the other compatible possibilities necessitating a fleshing-out process to be made explicit. Introducing this new distinction necessitates only a slight modification of the principle of truth. Recall that this principle states that "each mental model of a set of assertions represents a possibility given the truth of the assertions, and each mental model represents a clause in these assertions only when it is true in that possibility" (Johnson-Laird & Byrne, 2002, p. 653) . We suggest adding the following: The possibilities that make the assertions true give rise to explicit mental models, whereas the others lead to models that remain initially implicit.
Following the principle of implicit models, "basic conditionals have mental models representing the possibilities in which their antecedents are satisfied, but only implicit mental models for the possibilities in which their antecedents are not satisfied" (JohnsonLaird & Byrne, 2002, p. 654) . It follows from the modification introduced above that basic conditionals will be evaluated as true only for those possibilities represented within the initial model in which the antecedent is satisfied (i.e., p q). Possibilities in which the antecedent is not satisfied (i.e., the not p cases) are not part of the initial model and thus remain initially implicit because they do not make the conditional true, but the conditional cannot either be false in these cases because they can occur given its truth and are consistent with it. As a consequence, the truth value of the conditional should be considered as indeterminate for these possibilities. By contrast, those possibilities incompatible with the conditional, that is, the complement of the set of explicit and implicit models ( p ¬q), falsify the conditional.
It is worth noting here that the main distinction we introduce is not between implicit and explicit models but between initial and fleshed-out models. Our proposal substantiates the principle of implicit models by providing a psychological basis for the distinction between models represented explicitly right from the start and those that remain initially implicit. Among the possibilities compatible with a sentence, those that make it true are represented within the initial model, while the others require the fleshing-out process to be fully represented. However, even when explicitly represented, they are not considered as making the sentence true because they were not part of the initial model. In other words, the fleshing-out process can be understood as a process by which people extend the initial meaning of an assertion beyond the states of affairs that make it true to those states of affairs that are only compatible with it.
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It is also important to note that the additional assumption that we propose does not lead to any contradiction. In particular, assuming that some possibilities do not make the conditional true when they occur does not contradict the principle of truth stating that mental models represent those states of affairs that are possible when the assertion is true. It does not necessarily follow from this principle that each of these possibilities makes the assertion true when it occurs, because a given state of affairs can be compatible with an assertion, and then possible, without making this assertion true, whereas another state of affairs can make the assertion true. For example, an A that is not a B is compatible with the statement Some As are Bs and is a part of its complete representation, but it does not make this statement true, whereas an A that is also a B does. In the same principle of truth, Johnson-Laird and Byrne (2002) the model represents the atomic clauses There is an A and There is a B because they are both true in that possibility. Thus, it does not follow from the principle of truth that people should evaluate a conditional as true for each possibility by which they represent the conditional in a complete representation. Our theory accounts perfectly for the phenomena observed in the truth-testing task (i.e. the defective truth table) and also in the probability task. When asked to evaluate the probability of a conditional, people concentrate on those cases for which the conditional can be readily evaluated, that is, p cases. Thus, they give the conditional probability if they consider the ratio between p q 3 This proposal seems to extend beyond basic conditionals and may be a general law within the mental models theory. For example, it can be observed that the initial model of the disjunction p or q is restricted to the situations that make it true when they occur:
The fleshing-out process adds information that is compatible with the disjunction but that does not make it true when occurring in isolation (i.e., not p within the first model or not q within the second). It can also be noted that the model p q is not part of the initial representation because all the disjunctions are not true in this case. cases and p cases or the conjunctive probability if they consider simply the proportion of cases in which the conditional is true among all the possible cases (Evans et al., 2003; Girotto & Johnson-Laird, 2004 ). This explains also why, as Evans et al. (2005) noted, the probability of a conditional is never judged to be equal to not p or q. Indeed, according to Johnson-Laird et al. (1992) , the initial model of the disjunction not p or q contains two models:
Thus, according to our hypothesis, the conditional is true only for the p q case, whereas the disjunction is made true by the occurrence of not p and the occurrence of q. Thus, there is no reason to expect the same judgment of probability for the two assertions. For the same reason, If p then q does not have, psychologically, the same probability as If not q then not p, as Evans et al. (2003) demonstrated. Their initial models differ (i.e., p q for the former and ¬q ¬p for the latter), and as a consequence, these two conditionals are psychologically true for different possibilities even if they are in the end compatible with the same possibilities.
An Empirical Prediction
Our account permits a striking and new prediction that can be easily tested. We assume that the possibility represented by the initial model of a conditional makes this conditional true, those captured by the models constructed through fleshing out leave the truth value of the conditional indeterminate, and the complement of the previous possibilities makes the conditional false. Thus, the evaluation of basic conditionals should depend on the way the initial model is fleshed out and individuals construct mental models. Among the various factors that can affect this construction, a simple way to test our hypothesis is to take advantage of the age-related changes in the fleshing-out process. As we have described above, the set of models constructed to represent basic conditionals varies with age; if our hypothesis is correct, these variations should affect the evaluation of conditionals in a precise way. For example, when listing cases compatible with the conditional, children often construct only the initial model p q but are unable to think about additional possibilities. Thus, according to our hypothesis, when evaluating a basic conditional, they would consider it as true for the p q possibility but false in all the other cases, including not p cases. By contrast, when reasoning about possibilities, adolescents tend to favor a biconditional interpretation by fleshing out this initial model with an additional ¬p ¬q model. They should thus evaluate the conditional as true for the p q case, as indeterminate for the ¬p ¬q case constructed through fleshing out, and as false in the other cases (i.e., p ¬q but also ¬p q). Finally, most of the oldest adolescents and adults are able to construct the three-model representation, and they should produce the defective truth table described above when evaluating conditionals. Thus, the evaluation of basic conditionals should vary with the set of mental models children, adolescents, and adults are able to construct. In this respect, the processing of not p cases should be critical. Both not p cases should initially be considered as making the conditional false, and the evaluation should progressively turn into the response of indeterminacy. However, this developmental change should occur sooner in development for the ¬p ¬q than for the ¬p q possibility. We tested these hypotheses in the following experiment in which third, sixth, and ninth graders and adults were presented with a truth-testing task.
Experiment

Method
Forty-seven third graders (mean age ϭ 8.6 years), 38 sixth graders (mean age ϭ 11.5 years), 39 ninth graders (mean age ϭ 15.6 years), and 47 undergraduate students (mean age ϭ 28.5 years) in education at the Université de Bourgogne, Dijon, France, participated as volunteers. A truth-testing task was administered to groups of about 20 participants using a video projector connected to a computer. In each trial, we displayed a conditional sentence on the top of the screen, and we invited participants to read it carefully and to try to understand it. All the sentences described the contents of a box in which there was a circle on the left and a star on the right and were of the form If the circle is red then the star is black. Sixteen different pairs of colors were used to form 16 different conditional statements. After a delay of 7 s, the box (a rectangle), the circle on its left part, and the star on its right part appeared in this order on the middle of the screen at the rate of one object per second. We adopted this procedure to facilitate the understanding of the sentence without any interference with a particular case. The objects were progressively displayed on screen to favor the analysis of the case under study. The match between the colors of the circle and the star displayed in the box and those involved in the conditional sentence was manipulated to obtain four trials in each of the four possible logical cases p q, ¬p q, p ¬q, and ¬p ¬q. For example, with the rule If the circle is red then the star is black, a ¬p ¬q case was created by presenting a blue circle and a green star. Then, three possible responses were displayed at the bottom of the screen ("true," "one cannot know," and "false"). Each participant had the same response array printed on a response sheet and was asked to say if the contents of the box showed that what was announced by the sentence was either true or false, or if the content of the box did not permit one to know (i.e. the "one cannot know" response) by ticking the appropriate response. When all the participants had selected their response on the sheet, the following sentence was displayed on screen followed by the contents of the box and so on. The 16 trials were presented in two different random orders, half of the participants in each age being assigned to one of them.
Results
As our hypothesis predicted, we observed in each group a high rate of "true" responses for p q cases (99%, 99%, 97%, and 79% in third, sixth, and ninth graders and adults, respectively) and "false" responses for p ¬q cases (75%, 73%, 90%, and 95%, respectively; see Table 3 ). Nonetheless, the age-related decrease in the former case and increase in the latter were statistically significant, F(3, 167) ϭ 9.23, p Ͻ .01, and F(3, 167) ϭ 6.33, p Ͻ .01, respectively, reflecting interesting developmental changes that are addressed below when analyzing response patterns. Our main prediction concerned the rate of indeterminate responses ("one cannot know") on the not p cases. The developmental trend con-formed to our hypothesis. In the first levels (third and sixth grades), ¬p ¬q as well as ¬p q cases mainly elicited "false" responses (86% and 70%, respectively, in third grade, 66% and 68%, respectively, in ninth grade). The difference was significant in third graders, with a higher number of "false" responses in ¬p ¬q cases, t(46) ϭ 2.07, p Ͻ .05, and disappeared in sixth graders, t(37) ϭ 0.12, p ϭ .91. The following pattern analyses shed light on the difference observed in third graders. In a second phase (ninth grade), the ¬p q case was still considered as making the conditional false, with only 38% of indeterminate but 61% of "false" responses, whereas the ¬p ¬q case predominantly induced the predicted indeterminate response (70%), t(38) ϭ 3.78, p Ͻ .001. Finally, adults exhibited a high rate of indeterminate responses for both types of not p cases (90% and 82% for ¬p ¬q and ¬p q, respectively), though the difference remained significant, t(46) ϭ 2.09, p Ͻ .05. An analysis of variance with the type of not p case as a within-subject and the age group as a between-subject factor confirmed the effects of age, F(3, 167) ϭ 61.66, p Ͻ .001, and the interaction between ages and type of not p cases on the number of indeterminate responses, F(3, 167) ϭ 5.95, p Ͻ .01, whereas there was no significant effect of the type of case, F(1, 167) ϭ 2.51, p ϭ .11. Accordingly, the rate of "false" responses on not p cases decreased with age (78%, 67%, 45%, and 14% in third, sixth, and ninth graders and adults, respectively), following the predicted linear trend, F(1, 167) ϭ 175.36, p Ͻ .001.
We analyzed the individual response patterns by assuming that a given participant was consistent when he or she gave at least three out of four identical responses for each of the four types of cases. We distinguished between expected conjunctive ("true," "false," "false," and "false" coherent responses to p q, ¬p ¬q, ¬p q, and p ¬q cases, respectively), biconditional ("true," indeterminate, "false," "false"), and conditional ("true," indeterminate, indeterminate, "false") patterns. Two additional patterns were frequently produced. The first, frequent in young participants, consisted in responding "true" for p q, "false" for ¬p ¬q, and indeterminate for the other cases. We suggest that this pattern reflects a matching strategy in which the conditional is judged as true when the contents of the box match the two colors evoked in the sentence, indeterminate when only one of the expected colors appears, and false when there is no match at all. The second pattern, unique to adults, consisted in responding "false" for p ¬q and indeterminate for all the other cases. This pattern could reflect an elaborated understanding of conditional in which some adults realize that positive instances cannot make the conditional definitely true whereas contradictory cases make it false. Our procedure classified 91%, 89%, 77%, and 83% of the third, sixth, and ninth graders and adults, respectively, as consistent in one of the five patterns.
As we predicted, conjunctive patterns reflecting the failure to flesh out the initial model p q were predominant in children and tended to disappear progressively with age, whereas the defective truth table response, reflecting the three-model construction, never appeared in the youngest participants but was the predominant response in adults (see Figure 2) . In line with our previous observations when studying reasoning about possibilities, the biconditional interpretation constitutes an intermediary developmental level favored by adolescents, its rate increasing and then decreasing with age. The developmental trend concerning these three interpretations in the truth-testing task perfectly matches that previously observed in reasoning about possibilities (see Figure 1) . Whereas the matching pattern was mainly observed in the youngest participants, the elaborated interpretation was adopted by a small but not negligible proportion of adults who could correspond to those choosing the logical p and not q responses in the abstract version of Wason's (1966) selection task. The matching patterns in third graders explain why they produced more "false" responses on ¬p ¬q than on ¬p q cases, these latter cases eliciting the indeterminate response within the matching pattern. In the same way, the progressive disappearance of these patterns explains why the rate of "false" responses on p ¬q cases increased with age, whereas the emergence of elaborated patterns sheds light on the surprising decline of "true" responses to p q cases in adults. It should also be noted that the increasing rate of "false" responses on p ¬q cases with age rules out the alternative explanation of our results according to which the developmental pattern we observed could result from a greater propensity in young children to respond "false."
In summary, the results confirm our predictions and make clear that the evaluation of conditionals varies in accordance with the set of models individuals can construct. The similarity in developmental trends between the identification of compatible and incompatible cases on the one hand and the evaluation of conditionals on the other supports the hypothesis that this evaluation can be based on the same representations individuals use to reason about possibilities. The response of indeterminacy on not p cases and the ensuing defective truth table are not ubiquitous phenomena but a developmental achievement depending on the nature of mental models constructed by children, adolescents, and then adults. This developmental trend explains in turn why adults with higher abilities are more prone to produce defective tables in truth-testing tasks and suppositional responses on probability evaluation tasks as Evans et al. (2007) observed.
Mental Models and the Suppositional Theory
We have demonstrated that a modified mental model theory is able to account for the key findings that have been considered as inconsistent with the standard theory. It is worth noting that this modification is not an ad hoc addendum for coping with new and embarrassing data (the phenomena related to the defective table have been known for a long time; see Johnson-Laird & Tagart, 1969) , but an extension of existing theoretical proposals such as the distinction between initial and fleshed-out models. Most importantly, this modified theory permits new predictions that have been verified. Though we only introduced mere addenda to the principles of truth and implicit models of the standard theory, these changes have considerable consequences for a mental model theory of conditional reasoning. By dissociating possibilities and truth values, assuming that a complete representation of the conditional involves three possibilities no longer implies rejecting the defective truth table and endorsing the paradoxes of the material implication as valid inferences, as Johnson-Laird and Byrne (2002) did. The conditional we propose is true for p q, false for p ¬q, but has no truth value for not p cases (at least in most of the adults) and presents thus a truth value gap as in the T3 theory family described by Evans and Over (2004) . As a consequence, it is akin to the conditional described by Evans and Over in their suppositional account. Indeed, the meaning of a basic conditional would no longer be captured by the three possibilities it allows, as Johnson-Laird and Byrne assumed. In our account, this meaning would also incorporate the epistemic status of each of these possibilities. Recall that the mental model theory distinguishes between meaning and models. We assume that this epistemic status could be coded at the level of the semantics of the connective (i.e., the procedures that construct models, making a distinction between initial models that make the sentence true and additional models that are only compatible with it). It is this epistemic status that would differentiate If p then q from its contrapositive If not q then not p or the disjunction not p or q, even if the three sentences allow the same set of models.
This account predicts, as we observed, the defective truth table response in truth-testing tasks and the conditional and conjunctive probability responses when reasoners evaluate the probability of the conditional. It can be also assumed that, when evaluating the conditional, individuals would use the Ramsey test as assumed by the suppositional account of the conditional. According to Evans and Over (2004) , when evaluating a conditional If p then q, people hypothetically suppose p and run a mental simulation in which they evaluate q by making subjective probability judgments about q given p. This is not so different from Johnson-Laird and Byrne (2002, p. 649) , who assumed that "the antecedent refers to a possibility, and the consequent is interpreted in that context." However, assuming that p q is the sole model making the conditional true permits us to understand why individuals concentrate on a context that satisfies the antecedent. The Ramsey test within our account would not differ from Evans and Over's conception, that is, people trying to evaluate the relative likelihood of states of affairs making the conditional true (i.e., p q) or false (i.e., p ¬q). Thus, there is no contradiction in assuming that the basic conditionals are suppositional in nature but represented by a set of three models when people think about what they refer to.
Although our modified mental model theory constitutes an important rapprochement between the mental model and the suppositional accounts of conditional, there are still important differences with Evans and Over's (2004) theory that we would like to comment on. Though the suppositional theory mainly focuses on reasoning about truth values, it also addresses the problem of conditional inference. Concerning this last point, Evans and Over did not adopt the view of an innate mental logic but endorsed a conception previously developed by Braine and O'Brien (1991) and Rips (1994) in which modus tollens (from If p then q and not q concluding not p) is underpinned by a suppositional strategy through reductio ad absurdum, whereas the fallacies affirmation of the consequent (from q concluding p) and denial of the antecedent (from not p concluding not q) result from implicatures and pragmatic inferences. However, we have elsewhere demonstrated that suppositional theories such as those of Marcus and Rips (1979) and Braine and O'Brien make predictions about the development of conditional reasoning and the time course of conditional inferences in adults that are contradicted by empirical evidence (Barrouillet et al., 2000; Barrouillet & Lecas, 1998) . By contrast, one interest of our account is to retain the strength of the mental model approach in accounting for reasoning about possibilities. Indeed, the mechanism of inference production within the standard mental model theory is not committed to any assumption concerning truth values, a characteristic inherited by our account. For example, a reasoner who has constructed the complete three-model representation and is given the minor premise of modus tollens (i.e., not q) will eliminate contradictory possibilities ( p q and not p q). The remaining model ¬p ¬q is the only possibility compatible with the conditional in which the minor premise is true. Thus, even if not p not q does not make the conditional true when it occurs, the conclusion not p can be drawn with certainty. The same line of reasoning applies to the fallacies that are endorsed when people fail to construct a complete representation.
Objections and Replies
Contrary to our account of modus tollens, it could be objected that if false-antecedent possibilities do not make a conditional true, modus tollens could no longer be drawn in the mental model theory because the inferential process leads to the remaining mental model ¬p ¬q in which the minor premise is still true but the conditional premise is not. As a consequence, the inferential process described by the algorithmic level of the theory would not comply with truth preservation, which is the core of logical inferences, and the mental model theory could no longer be interpreted as performing inferences since it would not conform to a consistent theory of inference at the computational level. 4 It is important to remember that, contrary to a recurrent claim, the mental model theory at the computational level does not characterize deductive competence as standard formal logic and that it computes not truth functions but semantic information. Within this framework, a valid conclusion is a conclusion (a) that preserves the semantic information conveyed by the truth of the premises without increasing or decreasing it, (b) that is more parsimonious than premises, and (c) that asserts something new (Johnson-Laird & Byrne, 1991) . The mental model theory defines semantic information not in reference to truth preservation but only as the set of models of the possibilities compatible with a given proposition, a conclusion being valid only if it holds in all the models of the premises. Now, the changes we have introduced into the mental model theory leave these postulates unchanged. The meaning of if in the standard mental model theory is the set of procedures constructing the mental models. Adding, as we have suggested, information concerning the epistemic status of each model within this semantics does not affect the set of models required by a modus tollens inference. This inference is still valid at the computational level of the theory because deduction calls for a search for potentially falsifying models, 5 and there is no such model compatible with the semantics of if in both the standard and our modified theory of mental models.
A second objection is that the distinction between reasoning about possibilities and reasoning about truth values is untenable because concluding A and concluding A is true are one and the same thing. Thus, reasoning about possibilities could not be distinguished from reasoning about truth values. 6 It is true that the conclusions A and A is true cannot be logically distinguished. However, the distinction that we propose is not at the logical but at the psychological level and stands on the distinction made by the mental model theory between meaning and models. By reasoning about possibilities, we refer to those forms of reasoning requiring a simple scanning of the content of the models maintained in working memory. This is the case for the conditional inference task in which the conclusion to be evaluated is always an atomic proposition most often represented by a single token within a unique model. By reasoning about the truth value of the conditional, we refer to those forms of reasoning in which the current content of the available representations has to be confronted with the meaning of the conditional connective. These two forms of reasoning involve different cognitive processes reflecting the difference between declarative and procedural knowledge as defined by Anderson (1993) . Mental models involve declarative knowledge represented in working memory, whereas the meaning of the conditional can be understood as a set of procedures constructing models (Johnson-Laird & Byrne, 1991) . What is directly accessible is the content of the models, whereas procedural knowledge is more difficult to represent in working memory (Anderson, 1993) . Thus, scanning representations constituting the content of our consciousness to verify atomic propositions (i.e., reasoning about possibilities) is psychologically basic, whereas going back from these representations to their presumed constructive procedures (i.e., reasoning about truth values) is far more difficult, particularly when the meaning to be assessed involves a connective calling for several models, as is the case for the conditional.
A third objection to the suppositional theory of conditionals that could also be addressed to our proposal has been raised by Johnson-Laird (2005) , who claimed that T3 theories have the extraordinary consequence of turning all true conditionals into conjunctions. Because p q is the sole case making a basic conditional true, if such a conditional is true, its antecedent and its consequent are true. Thus, considering the following conditional as true-If the U.S. Constitution is amended to allow people born elsewhere to be president, then Arnold Schwarzenegger will be delighted-should lead to the certain conclusion that the U.S. Constitution is amended and Arnold Schwarzenegger is delighted, which is, as Johnson-Laird noted, absurd.
Though this criticism is clever, the distinction between reasoning about possibilities and about truth values permits us to solve this potential problem. To imagine what can occur from a true conditional, as Johnson-Laird (2005) proposed with the Schwarzenegger problem, is reasoning about possibilities, and we assume, 4 We would like to thank Mike Oaksford for making us aware of this potential problem. 5 The test of validity involves constructing a model in which the negation of the putative conclusion is true and assessing whether any of the previous premises are false in this view. If this is the case, the conclusion is valid. As far as modus tollens is concerned, the resulting model is ¬p ¬q in which ¬p is new information standing as a putative conclusion. Introducing its negation leads to the model p ¬q that falsifies the conditional premise. The conclusion ¬p is therefore valid. 6 We would like to thank an anonymous reviewer for this suggestion.
following the mental model theory, that a true conditional does not lead to one but to three possibilities. Thus, a true conditional involves not the truth but only the possibility of the conjunction of its antecedent and consequent, except for young children, who are not able to flesh out their initial model. Finally, we have not addressed here the nature of the mental models on which the inferences are based. Evans and Over (2004) , as well as Barrouillet and Lecas (1998) and Markovits and Barrouillet (2002) , assumed that models are relational, have directionality, and bring to bear linguistic and pragmatic experience. When these characteristics are introduced, conditional reasoning by models would no longer be extensional. However, these problems, though interesting, are outside the scope of this note.
Conclusions
Different theorists privilege selected sets of data to support their claims. Mental modelers usually privilege tasks involving reasoning about possibilities, whereas recent advocates of suppositional accounts prefer tasks involving reasoning about truth value. Our proposal can be seen as an attempt to integrate the two realms in a comprehensive approach by producing a theory able to explain how individuals extend their beliefs through deductive reasoning from premises they consider as true and how they decide to believe assertions. Of course, as stated by Evans et al. (2005) , how people decide to what extent to believe ordinary conditionals is a fundamental question. Another fundamental question of equal importance is what kind of world representation people construct when they have decided to believe an ordinary conditional. Our suggestion is that a psychological theory must address the two questions within the same theoretical framework and that our modified mental model theory meets this challenge. According to this theory, people understand conditionals by representing the state of affairs that can occur when these sentences are true. Because only those possibilities that make the sentence true when they occur are initially explicitly represented, the initial model of a basic conditional is restricted to the p q model. The other possibilities in which the antecedent is not satisfied can be made explicit through fleshing out, but they leave the truth value of the conditional indeterminate. Thus, when evaluating a conditional, people focus on only those possibilities in which the antecedent is satisfied.
Several studies have indicated that adults and also older adolescents judge the possibilities p q, ¬p q, and ¬p ¬q as compatible and the p ¬q possibility as incompatible with basic conditionals. It is highly probable that this interpretation of if underpins the material implication account that some philosophical logicians have proposed for conditionals. When considering developmental studies on reasoning about possibilities and the developmental trend they reveal toward the three-possibility representation, it becomes obvious that the material implication grasps something of the way individuals understand conditionals, the unmodulated meaning of a conditional yielding models of possibilities corresponding to a material implication. This does not mean that these individuals are ready to endorse all the consequences that result from this logical formalism: Very few people would consider that not p cases make the conditional true. This is not so surprising: Because logical formalisms are formalisms, they can neither be totally at odds nor perfectly reflect psychological intuitions (Schroyens, Schaeken, & Dieussaert, 2008) . This is clearly demonstrated by studies in which people are no longer asked to reason from but to evaluate conditionals. In these tasks, adults base their judgment on p cases only, a tendency very akin to the procedure known as the Ramsey test (hypothetically adding p to our stock of knowledge and arguing on that basis about q). There is no doubt that this bias has led many logicians to reject the theory that ordinary conditionals of natural language are extensional or material implications. It is clear that the suppositional account of conditionals put forward by Evans and Over (2004) grasps something of the way people understand and evaluate conditionals. In our view, the conflicting coexistence of model-based and suppositional accounts of conditional reasoning results from the fact that reasoning about possibilities and reasoning about truth values involve different processes that lead to apparent contradictions (e.g., all the possibilities compatible with a basic conditional do not lead to the same evaluation of this conditional when they occur). Our analysis suggests that the two kinds of reasoning involve different processes but the same representations and that a theory based on mental models can account for both.
